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(54) Croasllnked enzyme aggregates 

(57) Crosslinked enzvme aggregate obtainable with 
the process comprising the steps of (i) treating an en- 
zyme solution, preferably an anzyme solution n f a pan* 
iciilin acviase . with the aid of a precipitating . a q on f 
whereby aggregates arc formed and precipitated, and 
(it) subjecting the precipitate in situ to crosslink ng with 
the aid of a Crosslin king agen t. Preferably the 



crosslinked enzyme aggregate has a stability factor of 
at least 1 .5 times as high as the stability factor of the 
original enzyme solution, at 60*C. 

Preferably, the precipitating agent is preferably cho- 
son from ammonium sulphate, poly(ethyleneglycol) or 
tert-butylalcohol, and olutarlc aldehyde as the crosslink - 
ino agent . 
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Description 

[0001] The invention relates to crosslinked enzyme aggregates with high activity, obtainable by a process comprising 
the stops of (i) treating an enzvme solutio n with the aid of a precipitating agent whereby aggregates are formed and 

s precipitated and (II) subjecting the precipitate in situ to crosslinking with the aid of a crosslinking aoen t, 

[0002] H has turned out that the crossllnked enzyme aggregates according to the invention have high activity. More- 
over the enzyme solution may be less purified In terms of protein content. Hie purity of the enzyme solution, therefore, 
is a matter of choice. However, when considering the aim of manufacturing a high active enzyme preparation, it Is 
common knowledge that a more pure initial enzyme preparation will result in a more active enzyme preparation in 

to terms of units per g of enzyme preparation In the end. 

[0003] Crossiinked enzymes are described in US-A-4665Q28. However the actual crosslinked onzymos disclosed 
therein are prepared from dried a enzyme preparation that is added to a salt solution, in order to prevent dissolution 
of the enzyme preparations and to prevent the enzyme preparations from undesired aggregation gHflpp the g rosslinkin a 
reactio n. This process requires an extra drying step. In general this leads to a substantial decrease of activity. 

* £ [0004] The crosslinked enzyme aggregates according to the Invention are for Instance vary wel I suited to be employed 
in the enzymatic_aey|ation of ft -lflrta mnucle Lto.prtacta m antibiotics , for example cephalexin, ampicillin, cefaclor, amox- 
icillin, cephradine. cefadroxil, cefotaxime, cefazolin, cefprozil, loracareef and cefaioglycin. in such processes enzymes 
known as penicillin amidases or penicillin acylases as described for instance in WO-A-99/20786 are used. 
(0005] It has appeared that tho crosslinked enzyme aggregates here surprisingly have an improved thermal stability. 

20 [0006] in partfcularjhejnvepUon relates t o crosslinked enz yme aggregates with impr oved th er mal stability relati ve 
to the original enzyme solution from which the crosslinked enzyme aggregates are prepared, expressed in terms of 
stability factor {i.e. the half-life time value t 1/2 of the crosslinked enzyme aggregates e.g. at $0°C relative to the t 1/2 
value of the original enzyme solution, of at least 1 .5 -preferably at least 2.0. - ,_ . 

[0007] The invention also relates to a process for the preparation of crosslinked enzyme aggregates from an enzyme 

25 solution which process comprises the steps of (i) treating an enzyme solutio n with the aid of a-pte cioitatinq aoenl 
whereby aggregates are formed and precipitated, and (ii) subjecting tho precipitate in situ to crosslinking with the aid 

Of a ftrosslinkipq agent. 

[0008] Suitable enzvmes/enzyme preparations are for Instance Penicillin acylases, lipases, esterases, epoxidehy- 
drolascs, amidases, aminopeptidases, nitrilases, nltrilhydratases, glycosidascs, hydantoinases or carbamoylases. 

30 [0009] The process of the present Invention consists basically of two reactions that can be easily performed in 1 pot. 
Erst the enzyme In solu tion is precipltetg pUising a precipitating aoent to form insoluble enzvme aggregates . Second , 
the i nsoluble enzvme aggregates are submitted to crosslinking bv a crosslinking agent to fix the structure of the insoluble 
enzyme aggregates. The term "enzyme aggregate" as such refers in the framework of this Invention to any associated 
enzyme (or protein) particle obtained by any physical technique. 

& [0010] A preferred embodiment of tho preparation of a crosslinked enzyme aggregate (CLEA) according to the 
invention is as follows. Precipitation is preferably performed at a t emperature between o and 4»c for reasons of stability 
but can also be performed at room temperature, and Is port ormcd in a suitable buffer with a pH suitable for the enzyme 
of interest. In practice the pH often will be between 4-11, preferably between 5-9. The precipitating agent is usually 
stepwise added and/or dissolved with constant stirring and pH control when needed. The mixture is subsequently 

40 allowed to stand for some time, for instance 15 min to 1 hour. The crosslinking agent is gently added to the mixture 
and again left for some time (30 min to 12 hours). When the crosslinking reaction is finished, more water may be added 
to lower the viscosity of the mixture and the insoluble CLEA particles can be filtered or separated by any other method 
and extensively washed before put in the final buffered solution for storage. 

[0011] Suitable precipitating agent s that can be used in tne procedure or the present invention are In principle all 
« water soluble precipitating agents that are used in the art or precipitation of biomolecules, for instance salts (organic 
or Inorganic), organic solvents, (bio)polymers. It goes without saying that it is recommondable not to use precipitating 
agents that have a negative effect on enzyme stability. Some generally applicable and well known precipitating agents 
are quaternary ammonium salts or one of the other alkali metals, from the group of phosphate, sulfate, citrate, bicar- 
bonate, carbonate, acetate, tartrate, succinate, chloride, and nitrate, or organic solvents like methanol, cthanol, pro- 
50 panol, isopropanol, butanol. and t*butylalcohol, or acetone, or any of the poly(ethylone glycol) (PEG) series. In principle, 
also polyamldes or polya mines can be used, for instance prolamine sulphate, although they may be less preferred as 
they may tend to react with giutaraidehyde during the crosslinking process, which might be undesirable. Preferably 
ammonium sulphate or a poly (ethyleen glycol) (PEG) with a molecular weight preferably between 3000 and 16000 is 
used. 

& [0012] The amount or precipitating agent to be used is calculated with respect to the final volume and expressed as 
% of the saturation concentration when using initially solid precipitating agonts like safts or a PEG series, whereas 
organic solvents are expressed as % v/v. The optimal amount of precipitating agent to be used is largely dependend 
on tne specific precipitating agent chosen, and can easily be determined by the skilled person. For instance, the pre- 
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fcrred amount or ammonium sulphate id 10 to 80% of the saturation concentration; the pretended amount or PEG is 
20-50% (w/v) and of t-butylalcohol is 50-70% (v/v). Preferably the precipitating agent Is used in a concentration up to 
its saturation concentration. 

[0013] Suitable crosslink no agents to be used are in principle all agents that can be used In the crosslinking of 
enzymes. The preferred crosslinking agent is glutaraldehyde . It was shown that for penicillin acvlase best results were 
obtained when a glutaraJdehyde concentration of 0.5-4% (w/v) was used. However, the preferred glutaraldehyde con- 
centration is 0.5 - 1% (w/v) calculated with respect to me final volume. ^ 
[0014] If desired, the aggregation m,ay ba parformad ip iha p^ap^a of a carrie r, in principle all insoluble earners \ 
are suitable since only a surface, whether internal or external, is needed. Suitable carriers are inorganic or organic 
synthetic or natural gam;e r s consisting of the following components such as acrylic polymers, activated carbon, aga r, 
agarose, alginate, eelite. cellulose, chitin, chitosan, DEAE-celluloso, gelatin, glass, hydroxyapatite, kieselguhr, latex 
beads, magnetic particles, poryacrylamide, polypropylene, polystyrene, poryurethane, polyvinyl alcohol), polyvinyl 
chloride), polyvlnylpolypyroildone, silica, Teflon, and derivatives of all these . 
[0015] The invention will be further elucidated by means of the following examples, without however being restricted 
thereto. 
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7-aminodesacetoxycephaiosporanic acid 

6-amlno-penlclljanlc acid 

amplclliln 

cephalexin 

D-pheny [glycine 

D-phenylgiycirie amide 

Giutaric aldehyde - 



Experimental Methods 
Hydrotytic activity 



05 



[0016] The enzyme activity of the samples was measured by addition of the sample of definite volume or weight to 
25 ml 100 mM phosphate buffer, pH 8.0 containing 2% (v/v) penicillin acyiase. Outing the assay the solution was 
thermostated at 25*C. The solution was automatically titrated with 0.1 NaOH to the desired pH (B.O) before the same 
was added to the solution using a Metrohm Dosimat, a Metrohm impulsomat 614 and a Methrohm pH-meter 654 
(Tltrino, Metrohm, Switzerland), The Iterated phenyiacetic acid was neutralised by the 0.1 N NaOH. The penicillin 
acyiase activity is then expressed in units (U). One unit corresponds to the liberation of i timol phenyiacetic acid per 
minute. 



40 
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HPLC-Analysis 

[0017] AH synthetic reaction mixtures were analysed by a HPLC system equipped with a Waters M6000A pump, a 
Nucieosil C18 10 urn 8x100mm column, a Spectra Physics SP 4400 integrator and a Shimadzu SPD-6A UV-detector 
using an mobile phase containing 70% water, 30% acetonilrile, SDS 0.68g/L, 5 mM phosphate buffer, pH 3.0. Analysis 
was performed at a flow rate of 0.7 ml/minute at room temperature with a UV-dotoctor (2l5nm). 

Materials 



50 



[0018] Assemblase® is immobilized penicillin acyiase from E, coli ATCC H105 as described in WO-A-97/04086. 
Immobilization is carried out as described in EP-A-2224S2, using gelatin and chitosan as gellating agents and glutar- 
aldehyde as crosslinking agent. Sulfuric acid (95-98%) was obtained from Baker. 



Example I 
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CLEAg prepared with ammonium sulfate 

[0019] 5 ml penicillin acyiase solution (1008 U/ml) was diluted by addition of 5 ml 0.2 M MOPS (pH 7.0) buffer. Then 
S.5 g solid ammonium sulfate was slowty added under gently stirring. After that 10 ml 55% w/v ammonium solution in 
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0.1 M MOPS (pH 7.0) buffer was subsequently added under gently stirring. Then solution was stirred at mom temper- 
ature (RT) during 2.5 hours, then 0.4 mtGAfiX25%) was added and stirred at 0°C for 4 hours. Then 30 ml distilled 
water was added, under stirring. The CLEA~was collected by filtration; 0.95 gram wet CLEAs was obtained and then 
dispersed in 25 ml TRIS buffer, pH 7.5 and stored at °C for use. 

[0020] The specific activity of CLEA was 2235 U/gram, the retention of the activity was 41 .1%. 
Example II 

CLEAs prepared with PEG 8000 

JO 

(0021] 5 ml penicillin acylase solution was diluted by addition of 5 ml 0.2 M MOPS (pH 7.0) buffer. Then 4 g solid 
poty(ethyl08nglycoO with MW 8000 (PEG 8000) was slowly added under gently stirring. After that. 1 0 ml 40% w/v PEG 
8000 in 0.1 M MOPS (pH 7.0) buffer was consequently added under gently stirring. Then solution was stirred at RT 
2.5 hours, then 0.4 ml GAH (25%^ was added and stirred at O'C for 4 hours. Then 30 ml distilled water was added. 
19 Under stirring. The CLEA was collected by filtration. 1 .55 wet CLEAs was obtained and then dispersed in 25 mf TRfS 
buffer. pH 7.5 and stored at °C for use. 

[0022] The specific activity of the CLEA was 21 35 U/gram. the retention of the activity was 61 .2%. 



Example III 

r~ 2Q 

CLEAs prepared with t-butylalcohol 

[0023] 5 ml penicillin acylase solution was diluted by addition of 5 ml 0.2 M MOPS (pH 7.0) butter. Then 1 0 ml t- 
butyiatcohol was slowly added under gentfy stirring at 0°C. After that, 5 ml 60% v/v in 0,1 M MOPS (pH 7.0) buffer was 
2$ subsequently added under gently stirring. Then solution was stirred at room temperature during 2.5 hours, than 0 4 
GAH (25%) was added and stirred at 0*C for 4 hours. Then 30 ml distilled water was added under stirring. The CLEA 
was collected by filtration. 1 .2 gram wet CLEAs was obtained and then dispersed In 25 ml Trid buffer, pH 7.5 and stored 
at °C for use. 

£0024] The specific activity of the CLEA was 2986 U/gram, the retention of the activity was 55.3%. 

3D 

Preparation of Escherichia coli penicillin G acylase CLEA's 



Example IV 



35 [0025] in this example the activity of CLEAs prepared according to example III, compared to Assemblase is demon- 
strated. 

Immobilised penicillin acylase preparations (2 g) was added to a reaction mixture containing 6.8 g 7-ADCA, 4.9 g D- 
(-)-phenylglycina amide and 38 g water. The temperature of the reaction mixture was 3°C and the pH was adjusted to 
7.6 using an ammonia solution (25 wt%). The reaction mixture was sampled and analysed by means of HPLC in order 
40 to quantify the concentration of cephalexin. The same experiment was repeated using 2.5 g Assemblase®. The results 
are shown In fig i . wherein C represents the concentration of CEX (mM) and t the time (roln); the symbol O represents 
the results obtained with CLEA and □ with Assemblase®. 



Comparative Experiment A 

45 

[0026] Preparation of the crosslinked enzyme according to US-A-4665028 and showing a lower activity in the same 
context as in Example I. The enzyme solution (145 ml, 1008 U/ml, 146160 U) was spray-dried with a 35 % activity 
recovery using a Buchi 190 Mini Spray Dryer (Inlet temperature 64°C (few seconds); outlet temperature 38 9 C (few 
seconds)). The spray dried enzyme was collected In a beaker. The resulting enzyme powder (i .31 g, 38.6 kU/g, 50566 

so u) was used as a starting material for the production of crosslinked enzyme. At o °C (ice), o.i g of the enzyme powder 
was added to 7 ml of a saturated Na^SC^ solution in phosphate buffer pH 6.0 and stirred vigorously to suspend the 
insoluble enzyme powder. GiutaraJdehvde was added up to a final concentration of 1% (v/v) and the insoluble 
crosslinked enzyme particles thus formed were filtered and washed extensively with demineralized water. These 
crosslinked enzyme particles (0.2645 g ww, B57 U/g ww) retained 5.9 % of their original activity. The total overall 

« recovery was 2%. 
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Spray-dried enzyme 
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Amount 1 .31 g 

Activity 38.6 kU/fl 

Total Units 50,566 

Recovery 35 % 



10 



Cross-linking 



15 



Amount dried enzyme 
Activity 
Total Units 
Recovery 



0.265 g wetweight (from 0.1 g spray-powder) 
857 U/g wetweight 
227 
5.9 % 



Example V 



[00271 This.exampje^showa the improved thermostability of CLEA particles prepared as described In Example I 
20 compared to the original Escherichia e»// ATCC~1 1i05 peniciiiin acyiase enzyme Golutlon-Botrj enzyme preparation? 
were incubated at 80°C in 5 ml 50 mM phosphate buffer pH 7.0. Samples were withdrawn at 5 minute and 10 minute 
intervals and immediately cooled on ice. The residual enzyme activity or each sample was determined by hydrolists of 
a 2% (w/v) solution of penicillin-G according to "hydrolytic activity" In the Experimental Methods part. The results are 
shown in Figure 2 where In (E^Eq) is plotted as function of tho incubation time t (In min.) for the native enzyme (□} 
25 and for CLEA (0). Both enzyme preparations obeyed first-order inactivation kinetics. The inactivation rate constant K 0 
was calculated from the slope of the linearly fitted lines of Figure 2 by plotting the natural logarithm of the quotient of 
tne residual enzyme activity (E t ) ana initial enzyme activity (E^j against time. The stability factor of the CLEA enzyme 
preparation was calculated from the quotient of the half-life time values t 1/2 of both enzyme preparations (t 1/2 = ln(2)/ 
K a , where K a is the first-order inactivation rate constant calculated from the slope of the linearly fitted lines of Figure 
30 2) and was found to be 2. 

Comparative experiment B 

[0028] 6p-^minoDoniciHanlc acio; (6.5 gram. 30 mmol)and p-phenyifltycine arnjde (3 gram, 20 mmol) were suspended 
55 In 40 gram water at 1 0*C in a thermostated reaction vessel . equipped with a turbine stirrer, a pH electrode, a temperature 
sensor and a dropping funnel, connected to a titration device. Immobilized E. coll p enJcllln acvlas e. Assemblase® (3 
gram), was added at t*0. During the reaction the pH was kept constant at 7.0, using 3M sulfuric acid. At t=60 minutes 
an extra portion of 1 .5 gram (1 0 mmol) D-phenytglycine amide was added to the reaction mixture; this procedure was 
repeated at t=l20 and t=l80 minutes. During the reaction samples were taken from the reaction mixture for HPLC 
40 analysis. After 420 minutes the reaction was stopped at 97% conversion of f^APAintn amflj fij||in- The results are given 
in fig. 3 where the amount A (in mM)of PG (0), 6-APA {Of, PGA (A) and AMPI (O) are given as a function of time (t) in min. 

Example IX 

45 Synthesis of Ampicillin 

(0029) ep-aminopenicillanic acid (1 3 gram; 60 mmol) and D-phenylglycine amide (3 gram, 20 mmol) were suspended 
in 40 gram water at 1 0»c In a thermostated reaction vessel . equipped with a turbine stirrer, a pH electrode, a temperature 
sensor and a dropping funnel connected to a titration device, immobilized E. coli penicillin acytase. CLEA (1 .28 gram), 
50 was added at uo. During tho raction the pH was kept constant at 7.0, using 3M sulfuric acid. At t*60 minutes an extra 
portion of 3 gram (20 mmol) D-phenylgtycine amide was added to the reaction mixture; this procedure was repeated 
at 1=120, UslBO and t=240 minutes. During the reaction samples were taken from reaction mixture for HPLC analysis. 
After 540 minutes the reaction was stopped at 95% conversion of 6:APA into amoicillin. The results are given in fig. 4 
where the amount A (in min.) of PG (0). 6-APA (□), PGA (A) and AMPI (O) are given as a function of time (t) in min. 
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Claims 

1 . Crossiinked enzyme aggregate obtainable with the process comprising the steps of (i) treating an enz ymo solutio n 
w ith th e aid of a precipitating agent whereby aggregates are formed and precipitated, and (II) subjecting the pre- 

5 cipltate In situ to crosslinking with the aid of a cross tin kino . agent 

2. Crossiinked enzyme aggregate according to claim 1 wherein an enzyme solution of a penicillin acylase is used. 

3. Crosslin kod enzyme aggregates according to claim 1 or 2 having a stability factor of at least 1 .5 times as high as 
to the stability factor of the original enzyme solution, at 60*C. 

4. Process for the preparation of a crossiinked enzyme aggregate which process comprises the steps of (I) treating 
an enzyme solution with the aid of a precipitating agent whereby aggregates are formed and precipitated, and (il) 
subjecting the precipitate in situ to crossllnking with the aid of a crosslinking agent. 
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5. Process according to claim 4 in which process the precipitating agent is chosen from ammonium sulphate, poly 
(ethyleneglycol) or tert-butylalcohoL 

6. Process according of claims 4 or 5, in which process qlutaric aldehyde is used as the crosslinking agen t, 
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Figure 4 
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1984 
1984 
1984 
1984 
1991 
1987 
1992 
1992 
1984 
1990 
1984 



15-05-1985 
26--05t1983 
01-04-1986 
01-06-1983 
25-07-1984 



15-02' 
02-09- 
11-02- 
27-02- 
01-12- 
14-12 
24-04- 
04-04- 
06-05- 
26-06- 



1987 
1966 
1985 
1985 
1985 
1990 
1990 
1985 
1991 
1991 



JP 62278984 


A 


03-12-1987 


NONE 


RO 95943 


A 




NONE 


DD 264230 


A 


25-01-1989 


NONE 


FR 2163363 


A 


27-07-1973 


NONE 



ft For moro <fctfatto about thia annoa : oeo OHcJol Journal or (he Eumpam Pdert Offios, Wo. J 2/8? 
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